Introduction
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that is characterized by high blood sugar, insulin resistance, and a relative lack of insulin. 1 Although T2DM is not life-threatening, it can cause numerous complications and reduce the quality of life. 2, 3 The morbidity rate due to T2DM is also growing every year. T2DM is the result of interactions between genetic and lifestyle factors. 4 Therefore, it is important to explore population-specific genetic factors and lifestyle risk factors in the context of T2DM.
Dietary patterns, which reflect the complexity of dietary intake, are considered an alternative method to human diet alone for investigating the association between diet and risk of disease. 5 Although there have been studies on the association between dietary pattern and the risk of T2DM in different countries, [6] [7] [8] [9] [10] data for the Chinese population are limited, and the majority of them were focused on eastern Chinese and Han nationalities. 6, 11, 12 Uyghur people live primarily in Xinjiang Province of China
Patients and methods

Study population
This study was conducted on Uyghur national residents in Urumqi, the capital of Xinjiang Province, China from November 2016 to February 2018. Participants were selected from six Community Health Centers in Tianshan and Saybagh districts using a stratified cluster random-sampling method. Physical examination records of the community health centers were reviewed, and individuals who conformed to the following inclusion criteria were selected: 1) fasting plasma glucose (FPG) ≥7.0 mmol/L but without T2DM history; 2) no diagnosis of DM or other diseases that could affect their dietary habits; 3) no diseases related to blood glucose and insulin metabolism, such as abnormal thyroid function and severe obesity, and no other severe diseases of the gastrointestinal tract, cardiovascular, kidney, liver, or pancreas; 4) no history of taking drugs that affect blood glucose metabolism; and 5) Uyghur nationality. Participants with mental disease, who had difficulty in moving or communicating, and women who were pregnant or breast-feeding were also excluded. Selected participants were invited to our center and an oral glucose tolerance test (OGTT) was conducted to confirm the diagnosis. T2DM was defined using the diagnostic criteria of American Diabetes Association standards 2016 (FPG ≥7.0 mmol/L and OGTT ≥11.1 mmol/L). 25 For the normal control group, participants were selected from people who were assessed during the same physical examination period. This study was approved by the Ethics Committee of the Fifth Affiliated Hospital of Xinjiang Medical University. It was conducted in accordance with the Declaration of Helsinki, and all participants provided written informed consent to be included in this study.
Dietary intake investigation
In accordance with the dietary characteristics of Uyghur national residents in Urumqi, a specific semi-quantitative food frequency questionnaire (SQFFQ), comprising 84 items in 17 food groups (Table 1) , was designed. The validity and reliability of the SQFFQ was evaluated via a preliminary survey conducted within the same region from September 2016 to October 2016. One hundred and fifty participants who had undergone physical examination were randomly selected, and three 24-hour dietary reports (two working days and one rest day) were compared with the results of the SQFFQ. After eliminating incomplete data, results from 137 participants were analyzed. The average Pearson correlation coefficients (PCCs) between the SQFFQ and dietary reports ranged from 0.19 to 0.83, with an average value of 0.45 for the major food groups. Results showed that the SQFFQ provided a reasonably valid measurement of dietary intakes. The interscorer reliability of the SQFFQ was evaluated after 4 weeks. Ninety-eight of the 110 participants completed the test. Pearson correlation analysis showed that the PCCs between dietary intake of all food groups from the second survey and those from the first survey ranged from 0.52 to 0.91, with an average of 0.73. This indicates that the interscorer reliability of the SQFFQ is relatively high.
Participants were invited to a separate air-conditioned room after breakfast. For nutrition assessment, ten professional investigators, who majored in medicine and nutrition and were fluent in the local language, were trained using a combination of theoretical teaching and practical operation prior to the investigation. Participants were asked to recall the frequencies (per day, per week, per month, per year) and portion sizes of all food consumed within the previous 12 months, with the help of visual measurement aids. Answers were transformed to an average daily intake (grams) for all subsequent analyses. One specific person was responsible for quality control of the dietary survey, including checking for errors, missed items, and unclear items, all of which were corrected in a timely manner.
Dietary pattern identification
Dietary patterns were identified using factor analysis (principal component analysis) in dimensionality reduction analysis of SPSS 21.0 as described elsewhere. 26 Briefly, factors were rotated using varimax rotation to ensure that there was no association between factors and to improve interpretability. Factors were extracted by combing eigenvalue, interpretability, and scree plot. Factor groups with factor loading ≥|0.5| were considered to contribute significantly and served as a reference for labeling the dietary patterns. 27 Factor scores were categorized into quartiles (Q1-Q4), and differences between Q1 and Q4 in every dietary pattern were compared by single factor difference analysis. Multivariate logistic regression analysis was used to examine the association between dietary patterns and T2DM by adjusting for sex, age, education level (primary and lower, junior, senior, and college and higher), physical activity level (light, moderate, and heavy), smoking status (never, current, and former), body mass index (BMI), and total energy intake.
Physical activity assessment
The physical activity level of all participants was evaluated using the validated international physical activity questionnaire (Chinese version, IPAQ). 28, 29 Participants were divided into vigorously active, moderately active, or sedentary groups according to their physical activity over the past 7 days. ≥0.8 and minimum allele frequency ≥0.05. DNA was extracted from whole blood using a TIANamp Genomic DNA Kit (Tiangen, Beijing, China), and TCF7L2 genotyping was performed using improved multiplex ligation detection reaction (iMLDR, Genesky, Shanghai, China) as previously described. 30 Quality control procedures, including internal consistency and external validation, were applied to ensure accurate genotyping results. Approximately 5% of samples were randomly selected in duplicate with an internal consistency rate of 100%, and another 5% were randomly selected for Sanger sequencing. Genotyping results showed 100% reproducibility.
Statistical analysis
All statistical analyses were conducted using the SPSS 21.0 software (IBM Corporation, Armonk, NY, USA). Normal distribution of quantitative data was examined using a one-sample Shapiro-Wilk test. Data following a normal distribution were expressed as mean ± SD, and data that did not follow a normal distribution were expressed as median and quartile range. Differences between two groups were compared by independent-sample t-test or Mann-Whitney U test where appropriate. Qualitative data were expressed as frequencies (percentages) and compared using the chisquared test or Fisher's exact test. Dietary patterns were extracted by factor analysis. OR and 95% CIs were calculated by multivariable logistic regression to assess the association between dietary pattern and risk of T2DM. Genotype frequencies between T2DM participants and control participants, as well as Hardy-Weinberg equilibrium (HWE), were assessed using a chi-squared test. Interaction analyses between SNPs and dietary factors/physical activity were carried out using Spearman correlation analysis and logistic regression models. P<0.05 was regarded as statistically significant.
Results
Demographic and clinical characteristics
A total of 932 participants were initially included in the study. After excluding participants with abnormal glucose tolerance, incomplete information of general conditions, physical examination, laboratory tests, and dietary data, as well as those with extreme physical activity and dietary energy identified during data processing, a final number of 828 participants were enrolled for subsequent analyses. Table 2 shows the demographic and clinical characteristics of patients with T2DM (n=337) and control participants (n=491). There was no significant difference in terms of age, gender, polyunsaturated fatty acids, marital status, monthly income, or alcohol intake (P>0.05), whereas BMI, WHR, SBP, DBP, TC, TG, LDL-C, FINS, HOMA-IR, energy, protein, fat, total fatty acids, saturated fatty acids (SFA), and monounsaturated fatty acids (MUFA) levels were significantly higher in patients with T2DM than in control participants (P<0.05). It is interesting to note that participants in the T2DM group on average had a higher level of education, a higher incidence of T2DM in the family, were less physically active, and tended to smoke less than those in the control group (all P<0.05).
Definition of dietary patterns in the Uyghur population
The dietary intakes of all participants were analyzed using factor analysis. Kaiser-Meyer-Olkin index (KMO =0.703>0.5) and Bartlett's test of sphericity (χ 2 =1,060.491, df =92, P<0.001) suggested the food groups were not independent but significantly correlated with each other and that a factor analysis was applicable. 31 Five types of dietary pattern were derived from the principal component analysis, which accounted for 95.22% of the variance among food items ( Table 3 ). The first pattern was named the "fruit" pattern and was characterized by a high intake of fruits, nuts and dried fruit, and a low intake of salt, oil, and beverages. The second pattern was termed the "meats" pattern and was characterized by a high intake of meat, animal pluck, fish, and seafood and a low intake of fruits and dairy products. The third pattern was named the "dairy product" pattern and was characterized by a high intake of dairy products and eggs, with a low intake of salt and beverages. The fourth pattern was named the "vegetables" pattern and was characterized by a high intake of vegetables, and a low intake of salt, meat, oil, and beverages. The final pattern was called the "grains" pattern and was characterized by a high intake of grains.
association between dietary pattern and general characteristics
The general characteristics of all participants across quartile categories of dietary pattern scores are summarized in Table 4 . Participants in the highest quartile of the "fruit" dietary pattern were mostly male, with lower FPG and TC, higher levels of energy, protein, fat, total fatty acids, SFA, MUFA, and polyunsaturated fatty acids (PUFA), and a lower incidence of T2DM and hypertension than those in the lowest Notes: Smoker was defined as one who smokes more than 10 cigarettes per week for more than 6 months. Former smoker was defined as one who stopped smoking for more than 6 months. Alcohol intake was defined as one who drinks at least once a week, for more than 6 months. Differences between these two groups were compared by chi-squared test, and P<0.05 indicated statistically significant difference. Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FinS, fasting insulin; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein-cholesterol; hOMa-ir, homeostasis model assessment-insulin resistance; lDl-c, low-density lipoprotein-cholesterol; MUFa, monounsaturated fatty acids; PUFa, polyunsaturated fatty acids; SBP, systolic blood pressure; SFa, saturated fatty acids; T2DM, type 2 diabetes mellitus; Tc, total cholesterol; Tg, triglycerides; Whr, waist-hip ratio. quartile. Individuals in the highest quartile of the "meats" dietary pattern were more likely to be male, smokers, drinkers, and have higher WHR, FPG, TG, HOMA-IR, energy, protein, fat, total fatty acids, SFA, MUFA, and PUFA, lower levels of HDL-C, and a higher incidence of T2DM than those in the lower quartile. Subjects in the highest quartile of the "dairy product" pattern tended to have a lower BMI, WHR, and TG, a low family history of T2DM, higher levels of energy, protein, fat, total fatty acids, SFA, MUFA, and PUFA, and a higher education level and higher economic income than those in the lowest quartile. Participants in the highest quartile of the "vegetables" pattern were more likely to have a lower BMI, WHR, FPG, TC, TG, LDL-C, and HOMA-IR, a lower economic income, low incidence of T2DM and hypertension, and higher levels of HDL-C, energy, protein, fat, SFA, and PUFA than those in the lower quartile. Individuals in the highest quartile of the "grains" pattern were younger, more likely to be female, smokers, drinkers, had higher WHR, SBP, DBP, FPG, LDL-C, HOMA-IR, energy, protein, fat, total fatty acids, and MUFA, a higher economic income, and higher incidence of T2DM and hypertension, but lower levels of HDL-C than those in the lower quartile.
association between dietary pattern and T2DM risk
Multivariable logistic regression analysis was conducted to evaluate the relationship between dietary pattern and T2DM risk. As shown in Table 5 , participants in the highest quartile of the "fruit" and "vegetables" dietary pattern scores had a lower incidence of T2DM than those in the lowest quartiles (OR =0.238; 95% CI: 0.144-0.395; P<0.001 and OR =0.187, association between TCF7L2 SnPs and T2DM risk
The genotypic distribution for all seven SNPs of the TCF7L2 gene was consistent with the predicted HWE (P>0.05 in both T2DM and control groups, Table S1 ). Table 6 shows the distribution of genotypes and alleles for the seven SNPs in the T2DM and control groups within the Uygur population. 
Discussion
In this study, we defined five dietary patterns from the diet of the Uyghur population. Multivariable logistic regression analysis indicated that the "fruit" and "vegetables" dietary patterns were associated with a significantly decreased risk of T2DM, whereas the "meats" and "grains" dietary patterns were associated with an increased risk of T2DM. Moreover, the "dairy product" dietary pattern showed no association with the risk of T2DM. Given the limited research that has been conducted on the Uyghur population, our studies represent a unique contribution to the pathogenesis of T2DM in this nation. Uyghur people live primarily in the Xinjiang Province located in west China, and they have their own genetic background, lifestyle, culture, language, and dietary habits. 13, 14 The traditional Uyghur dietary pattern involves a high consumption of wheat-based foods (such as naan and noodles) and animal products (such as mutton and beef, and milk products such as butter and cheese), but a low intake of fruits and vegetables. 32 In accordance with these national food habits, three dairy patterns, "grains," "meats," and "dairy product," were defined in the current study. Multivariable regression analysis revealed that the "meats" and "grains" dietary patterns were associated with a high risk of T2DM, whereas the "dairy product" pattern showed no association with the risk of T2DM. The positive association between the "meats" and "grains" pattern and T2DM could be due to unhealthy constituents, such as red meat. Naan and noodles are made of flour and contain a large amount of carbohydrates, and beef and mutton are rich in saturated fatty acids and cholesterol. These foods provide sufficient materials for the synthesis of fat in the body, which could result in a high risk for T2DM. 32 In addition to the three traditional dietary patterns, we also defined two others, namely the "vegetables" and "fruit" patterns. The "fruit" pattern is characterized by a high intake of fruits, nuts, and dried fruit and low intake of salt, oil, and beverages. This is in line with the variety of fruits in Xinjiang Province, such as grapes and Hami melon, and a characteristic high consumption of dried fruits, such as raisins, walnuts, and red dates. Multivariable regression analysis suggested the "vegetables" and "fruit" dietary patterns are associated with a low risk of T2DM. This finding is consistent with previous studies that demonstrated a positive effect of "fruit" and "vegetables" in decreasing the risk of T2DM. The "fruit" and "vegetables" dietary patterns are similar to dietary patterns in loading structure termed "vegetable, fruit, and soy-rich pattern" in a Singapore Chinese population study, 33 "prudent" in a Finnish study 34 or a US study. 35 All of these studies demonstrated an inverse association between dietary pattern and risk of T2DM. In another study in China, Shu et al identified three dietary patterns in the Zhejiang Province, and a traditional southern Chinese dietary pattern, which is characterized by a high intake of refined grains, vegetables, fruits, and pickled vegetables and has similarities to the "fruit" and "vegetables" patterns in the current study. However, in contrast to the current study, they found that this pattern was associated with the risk of T2DM. One reason for this could be that the traditional southern Chinese diet also includes a high intake of pickled vegetables, which contain a large amount of salt, known to cause hypertension and T2DM. [36] [37] [38] Regardless of these differences, fruits and vegetables are abundant in dietary fiber, which are associated with a decreased risk of T2DM. 39, 40 TCF7L2 encodes a transcription factor that plays a key role in the canonical WNT signaling pathway. Previous studies have demonstrated that this pathway is important for β-cell proliferation and insulin secretion, 41, 42 and T2DM is known to be caused by impaired insulin secretion due to defective β-cell mass or function. In the current study, we assessed the association of seven TCF7L2 SNPs with T2DM risk in the Uygur population. To our knowledge, our study included the largest number of TCF7L2 SNPs ever investigated in this population. A previous study conducted by Yao et al demonstrated an association between two TCF7L2 SNPs (rs12255372 and rs7901695) and the risk of T2DM in the Uygur population. However, in our study, we did not find a significant association between these two SNPs and T2DM risk. Among the seven SNPs, only the distribution of rs12573128 genotypes (P=0.041), dominant model (AG + AA vs GG, P=0.031), and additive model (AG vs GG, P=0.013) showed a significant difference between the T2DM and control groups. Our study is consistent with previous work showing that TCF7L2 rs12573128 alone, or in combination with dietary fat intake, influenced insulin sensitivity, and glucose tolerance. 43 Our result suggests that SNP rs12573128 affects WNT signaling to impact essential functions of TCF7L2 during insulin secretion and may also impact the maturity and proliferation of pancreatic β-cells associated with T2DM pathogenesis. Notes: Smoker was defined as one who smokes more than 10 cigarettes per week for more than 6 months. Former smoker was defined as one who stopped smoking for more than 6 months. Alcohol intake was defined as one who drinks at least once a week, for more than 6 months. Differences between these two groups were compared by chi-squared test, and P<0.05 indicated statistically significant difference. Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FinS, fasting insulin; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein-cholesterol; hOMa-ir, homeostasis model assessment-insulin resistance; lDl-c, low-density lipoprotein-cholesterol; MUFa, monounsaturated fatty acids; PUFa, polyunsaturated fatty acids; SBP, systolic blood pressure; SFa, saturated fatty acids; T2DM, type 2 diabetes mellitus; Tc, total cholesterol; Tg, triglycerides; Whr, waist-hip ratio. 
<0.001
Notes: Multivariable regression analyses were adjusted for sex, age, education level (primary and lower, junior, senior, college and higher), physical activity level (light, moderate, and heavy), smoking status (never, current, and former), BMi, and total energy intake. Q4, the highest quartile of dietary patterns; Q1, the lowest quartile of dietary patterns (reference). Smoker was defined as one who smokes more than 10 cigarettes per week for more than 6 months. Former smoker was defined as one who stopped smoking for more than 6 months. Drinker was defined as one who drinks at least once a week, for more than 6 months. Abbreviations: BMi, body mass index; T2DM, type 2 diabetes mellitus. T2DM results from a combination of genetic and lifestyle factors, such as dietary pattern. However, few studies have investigated the relationship between SNPs and dietary patterns. In the present study, we assessed the interaction between the seven SNPs of TCF7L2 and dietary patterns. The results showed that two of the SNPs, rs4506565 and rs7903146, were significantly interact with dietary patterns. The genetic variants of TCF7L2 influence both insulin secretion and insulin sensitivity. 44 Insulin secretion depends on blood glucose levels, which can be significantly affected by carbohydrates in the diet. Therefore, we speculate that the quality and quantity of carbohydrates may affect the relationship between TCF7L2 SNPs and the risk of T2DM. There are some limitations to our study. First, the sample size was relatively small: only 828 participants were included in the full analysis, which may have led to weak statistical significance when estimating ORs. Second, the causal associations between dietary pattern and risk of T2DM could 
Conclusion
In conclusion, our results identified five dietary patterns among the Uygur population in China. We found that the "fruit" and "vegetables" dietary patterns were associated with a significant decrease in the risk of T2DM, whereas the "meats" and "grains" dietary patterns were associated with an increased risk. Moreover, the "dairy product" dietary pattern showed no association with the risk of T2DM. In addition, our results indicate that SNP rs12573128 in the TCF7L2 gene is associated with an increased risk of T2DM in the Chinese Uygur population and could therefore poten- 
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cai et al tially serve as a clinically important prediagnostic marker. The interactions between TCF7L2 rs4506565 and rs7903146 and dietary pattern were found to be statistically significant. Given the limited amount of research that has been done within the Uyghur population, our studies provide a unique contribution to the pathogenesis of T2DM in this nation.
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